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By:  Mark Boucher, Sr. Hydrologist 
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Introduction  
For many years the Contra Cost Flood Control and Water Conservation District (District) has used several 
internally developed programs to perform hydrology calculations. These programs were written in 
FORTRAN and include HYDRO6 (for hydrographs) and HYDRO2 for complex watershed models including 
multiple watersheds and detention basins. County Counsel has direct staff to not distribute the 
programs to the public for liability reasons. Hence, anyone wanting a hydrograph for use in a flood study 
must request the hydrograph from staff.  
 
Currently, District staff is working to replace these programs with more up to date software. This effort 
to transition to public domain software for the District models requires confirmation of the source of 
many of the District standards that were coded into the legacy programs. The District intends to use the 
public domain U.S. Army Corps of Engineers HEC-HMS1 program (HMS) for future hydrology work. The 
standards we need to verify incƭǳŘŜ ǘƘŜ ǊŀƛƴŦŀƭƭ ŘƛǎǘǊƛōǳǘƛƻƴ ŎǳǊǾŜǎΣ ǘƘŜ ά{έ-curve used for the unit 
hydrograph method, the lag equation, watershed n-values, infiltration rates, and methods used in 
measuring or calculating specific parameters for the hydrology calculations. This report documents our 
research to verify the source of the standards. Once verified and documented, we can confidently move 
forward and produce guidance on how to perform our standard method for hydrology in public domain 
software thus expanding our and the publiŎΩǎ ŀōƛƭƛǘȅ ǘƻ ǇǊƻŘǳŎŜ ƘȅŘǊƻƎǊŀǇƘǎ ŀƴŘ ƘȅŘǊƻƭƻƎƛŎ ƳƻŘŜƭǎ ǘƘŀǘ 
meet our standards.  

Rainfall  Distribution Curves  
The rainfall distribution curves (rainfall curves) are essential for duplicating the DƛǎǘǊƛŎǘΩǎ I¸5whс ƳƻŘŜƭ 
results in HMS. In fact, we have produced hydrographs in HMS that match almost exactly the HYDRO6 
results. We want to solidify our confidence in the HMS inputs so that we can confidently move forward 
in our software transition.  

Current Standard Sources  
We have found District standards for rainfall curves in two places. The rainfall curves are hardcoded into 
the HYDRO6 FORTRAN code (see Table 1) and they are published in training material (Figure 1), some 
copies/version of which are stampeŘ άǇǊŜƭƛƳƛƴŀǊȅέ. The rainfall curves are from several sources. 
Personal notes on the training material and recollection from staff that participated in in-house training 
on the District method indicate standards rainfall curves come from several other standards and 
sources. Those noted in the class notes are included in Table 1 

                                                           
1
 Software can be downloaded for free from http://www.hec.usace.army.mil/soflware/ 

http://www.hec.usace.army.mil/soflware/
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Table 1 - Rainfall Distribution Curves from HYDRO6 FORTRAN Code 
Subroutine with Assumed Source 

Values are in 10ths of percent. 

RAINFALL CURVE NAME ASSUMED SOURCE BASED ON CLASS NOTES. 

3-Hour Distribution (15-minute intervals) U.S. Army Corps of Engineers  

DATA KD3 / 30, 20, 50, 28, 88,102, 55, 70,105,110,277, 65/  

6-Hour Rainfall Distribution (15-minute intervals)  Natural Resource Conservation Service* 

DATA KD6 / 21, 25, 38, 45, 60, 30, 23, 25, 48, 43, 26, 25, 22, 25,  

     1     50, 79,190, 63, 40, 30, 25, 24, 22, 21/  

9-Hour Rainfall Distribution (15-minute intervals) Source Unknown 

DATA KD9 / 10, 20, 20, 20, 30, 20, 20, 30, 40 , 30, 20, 20, 20, 20,  

     1     10, 20, 20, 20, 20, 30, 30, 30, 30, 40, 40, 50, 70, 60,  

     2     50, 40, 30, 20, 20, 20, 20, 10/  

12-Hour Rainfall Distribution (15-min. intervals) District Developed 

DATA KD12/  9,  9, 10, 10, 11, 11, 11, 12, 12, 12, 13 , 15, 16, 16,  

     1     17, 17, 19, 20, 23, 30, 32, 41, 49,146, 61, 36, 31, 28,  

     2     26, 21, 20, 18, 17, 17, 16, 16, 13, 12, 12, 12, 12, 11,  

     3     11, 11, 10, 10,  9,  9/  

24-Hour Rainfall Distribution (30-min. intervals) Natural Resource Conservation Service 

DATA KD24/  9,  9, 10, 10, 10, 11, 11, 12, 13, 14, 15, 17, 19, 20,  

     1     21, 22, 28, 35, 50,151, 66, 41, 31, 30, 26, 24, 21, 19,  

     2     18, 17, 17, 16, 15, 14, 14, 13, 13, 12, 12, 12, 11, 11,  

     3     11, 11, 10, 10,  9,  9/  

36-Hour Rainfall Distribution (30-min. intervals) Source Unknown 

DATA KD36/ 11, 13, 14, 15, 15, 18, 20, 22, 25, 34, 46,124, 62, 38,  

     1     30, 24, 22, 20, 16, 15, 15, 14, 13, 11,  3,  3,  4,  4,  

     2      4,  4,  4,  4,  5,  5,  5,  6,  7,  7,  8,  8,  10, 13,  

     3     18, 55, 24, 15, 11, 11,  9,  9,  8,  7,  7,  6,  6,  6,  

     4      5,  5,  5,  5,  5,  4,  4,  4,  4,  4,  4,  4,  4,  4,  

     5      3,  3/  

48-Hour Rainfall Distribution (30-min. intervals) Source Unknown 

DATA KD48/  7,  7,  7,  7,  8,  8,  8,  9,  9,  9, 10, 11, 12, 12,  

     1     13, 13, 14, 15, 17, 22, 24, 31, 37,109, 45, 27, 23, 21,  

     2     19, 16, 15, 13, 13, 13, 12, 12, 10,  9,  9,  9,  9,  8,  

     3      8,  8,  7,  7,  7,  7,  3,  3,  4,  4,  4,  4,  4,  5,  

     4      5,  5,  6,  7,  8,  8, 11, 29, 14, 10,  8,  7,  6,  6,  

     5      5,  5,  5,  5,  5,  4,  4,  4,  4,  4,  4,  4,  4,  4,  

     6      3,  3,  3,  3,  3,  3,  3,  3,  2,  2,  2,  2/  

96-Hour Rainfall Distribution (2 hour intervals) U.S. Army Corps of Engineers 

DATA KD96/  0,  1,  7, 16, 14, 36, 56, 41, 20,  6,  4,  0,  1,  2,  

     1      0,  0,  0,  0,  0, 11,  4, 47, 30, 38, 24, 36, 50, 44,  

     2     44, 44, 39, 47,137, 38, 46, 44, 24, 16,  8,  0,  2, 12,  

     3     11,  0,  0,  0,  0,  0/  

 
* A report entitƭŜŘ άIȅŘǊƻƭƻƎȅ wŜǇƻǊǘΣ {ŀƴ wŀƳƻƴ ²ŀǘŜǊǎƘŜŘέΣ !ǳƎǳǎǘ мфтт ōȅ ǘƘŜ 5ƛǎǘǊƛŎǘ ŎƭŀǊƛŦƛŜǎ ǘƘŀǘ 
this curve is a modified version of the SCS 6-hour curve.  
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Figure 1 ς Rainfall Distribution Curve from Training 
Materials with Personal Notes 
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The District applied the curves in Table 1 in several HMS models and compared the hydrograph results 
with HYDRO6 calculations. During this comparison, we found that the 24-hour storm hydrograph 
calculated in HMS did not match that produced by HYDRO6 while all other storms did. The key to 
making the HMS model match the HYDRO6 model was the use of the HMS Soil Moisture Accounting loss 
method in the HMS model. We searched for the origin of each of the curves and documented the results 
in the following paragraphs. 

3-Hour Rainfall Distribution Curve  
We contacted the US Army Corps of Engineers (Corps) to verify the source of the 3-hour rainfall 
distribution curve. They provided a PDF2 from scanned copy ƻŦ ǘƘŜ άStandard Project Criteria for General 
and local Storms, Sacramento-San Joaquin ValleyέΣ /ƻǊǇǎ {ŀŎǊŀƳŜƴǘƻ 5ƛǎǘǊƛŎǘΣ /ŀƭƛŦƻǊƴƛŀ, dated April 
1971. Page 90 of that PDF has a 3-hour rainfall distribution on it in its Figure C, which very closely 
matches the 3-hour rainfall distribution the District uses as a standard. This Figure C was copied 
graphically and overlaid by a chart for comparison in Figure 2. This comparison verifies that this is the 
source of the 3-hour storm rainfall distribution curve. 
 
On page 3 of an August 1977 report by the District ŜƴǘƛǘƭŜŘΣ άIȅŘǊƻƭƻƎȅ wŜǇƻǊǘΣ {ŀƴ wŀƳƻƴ ²ŀǘŜǊǎƘŜŘέΣ 
ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƛǎ ǿǊƛǘǘŜƴΥ ά¢ƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ŀ о-hour storm developed by the Corps of Engineers was 
ŀŘƻǇǘŜŘ ōȅ ǘƘŜ 5ƛǎǘǊƛŎǘΦέ ¢ƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘǎ ƛƴ ¢able 3 of that report match those of the 3-hour 
rainfall curve in the HYRDO6 FORTRAN code and draft standard. This verifies the adoption of the 3-hour 
rainfall curve by the District. 
 
 

 

Figure 2 ς 3-hour Hour Rainfall Distribution Curve  
Original Source Comparison 

                                                           
2
 Short for Portable Document Format, a file format developed by Adobe Systems. 

3
 SCS = Soil Conservation Service. The SCS is now the NRCS. 

4
 Guo, J, C.Y. and Hargadin, K (2008) ñConservative Design Rainfall Distributionò, submitted to J. of Hydrologic 

Engineering, April (http://carbon.cudenver.edu/~jguo/PaperWeb/RainCurve.pdf)  
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6-Hour Rainfall Distribution Curve  
We contacted the Natural Resource Conservation Service (NRCS) Davis, CA office to verify the source of 
the 6-hour rainfall curve. They provided a data file with the 6-hour storm in it. That 6-hour rainfall curve 
is included in Appendix A. A comparison with and subsequent communication with Mr. Greg Norris of 
the NRCS in Davis showed that the 6-hour curve in HYDRO6 and the District training material did not 
match any 6-hour curve used by the NRCS. The NRCS said that the 6-hour rainfall curve could be found 
in their Technical Release 60 (TR-60). We located that document and confirmed that the rainfall curve 
they provided came from that publication. This can be seen in Figure 3 that has Ǉƭƻǘǎ ǘƘŜ 5ƛǎǘǊƛŎǘΩǎ с-
hour curve against the TR-60 6-hour curve and the curve the NRCS provided against the same. 
 
On page 3 of the August 1977 by the District ǊŜǇƻǊǘ ŜƴǘƛǘƭŜŘΣ άIȅŘǊƻƭƻƎȅ wŜǇƻǊǘΣ {ŀƴ wŀƳƻƴ 
²ŀǘŜǊǎƘŜŘέΣ states the folloǿƛƴƎΥ ά¢ƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ŀ с-hour storm developed by the Soil 
Conservation District was modified by the District to contain the Soil Conservation District 3-hour flood 
peak. Both the 3-hour and 6-ƘƻǳǊ ŘƛǎǘǊƛōǳǘƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ƛƴ ¢ŀōƭŜ оΦέ The distribution 
coefficients in Table 3 of that report match those of the 6-hour rainfall curve in the HYRDO6 FORTRAN 
code and draft standard. This verifies the adoption of the 6-hour rainfall curve by the District. The 
Districts final 6-hour rainfall curve is plotted in Figure 4. 
. 
 

 
Figure 3 ς 6-hour Hour Rainfall Distribution Curve  

Compared to TR-60 Standard 



 
 
 

 
Page 7 of 31 

 
Figure 4 ς Final 6-hour Hour Rainfall Distribution Curve 

 
 

12-hour Rainfall Distribution Curve  
¢ƘŜ 5ƛǎǘǊƛŎǘΩǎ мн-hour rainfall distribution curve is unique to the District.   Comparison to other 12-hour 
rainfall distribution curves from on-line sources did not reveal any similarities to other rainfall 
distribution curves. The 12-hour rainfall distribution curve is provided in Table 3. 

24-hour Rainfall Distribution Curve  
We researched the District training material that contained the 24-hour rainfall distribution curve and 
found it was different from the one we found in the HYDRO6 FORTRAN code. We contacted the NRCS 
Davis office and received back several 24-hour curves SCS3 Standard Rainfall Distributions Curves, 
apparently revised in June 1985. These included the following 24 Hour Standard Rainfall Distribution 
curves: Type I, Type IA, Type II, and Type III. The raw data provided by the NRCS is included in Appendix 
A. 
 
These 6-minute interval cumulative curves were converted to cumulative 1-hour curves for comparison 
with the 24-hour storm distribution curves froƳ ǘƘŜ 5ƛǎǘǊƛŎǘΩǎ Chw¢w!b code and Standards. Figure 5 
presents the cumulative rainfall curves from the District and the Type I and Type IA curves from the SCS 
plotted together. The District curve from the standards table matches almost perfectly with the Type IA 
SCS curve. The District curve from the FORTRAN code closely matches to TYPE I SCS curve but is 
different. The 24-hour curves are also compared in Table 2. 
 

                                                           
3
 SCS = Soil Conservation Service. The SCS is now the NRCS. 
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Figure 5 - 24-Hour Rainfall Distribution Curve Comparison 
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Table 2 - Comparison of 24-hour Rainfall Distribution Curves 

 

FCDF FCDS SCSI SCSIA 
Difference 

FCDF ï 
SCSI 

Difference 
FCDS ï 
SCSIA 

District 
HYDRO6 

FORTRAN  

District 
Draft 

Standard 

SCS 
Type I 
Storm 

SCS 
Type IA 
Storm 

Duration 24-HR 24-HR 24-HR 24-HR   

Interval 30-MIN 30-MIN 30-MIN 30-MIN   
1 0.90 1.00 0.87 1.00 0.03 0.00 

2 0.90 1.00 0.87 1.00 0.03 0.00 

3 1.00 1.50 0.88 1.50 0.12 0.00 

4 1.00 1.50 0.88 1.50 0.12 0.00 

5 1.00 1.60 0.92 1.60 0.08 0.00 

6 1.10 1.60 0.98 1.60 0.12 0.00 

7 1.10 1.60 1.07 1.60 0.03 0.00 

8 1.20 1.80 1.13 1.80 0.07 0.00 

9 1.30 1.90 1.18 1.90 0.12 0.00 

10 1.40 2.10 1.22 2.10 0.18 0.00 

11 1.50 2.40 1.23 2.40 0.27 0.00 

12 1.70 2.60 1.27 2.60 0.43 0.00 

13 1.90 3.10 1.41 3.10 0.49 0.00 

14 2.00 3.10 1.69 3.10 0.31 0.00 

15 2.10 4.20 1.86 4.20 0.24 0.00 

16 2.20 11.50 1.94 11.50 0.26 0.00 

17 2.80 5.50 2.50 5.50 0.30 0.00 

18 3.50 4.00 3.50 4.00 0.00 0.00 

19 5.00 3.00 4.90 3.00 0.10 0.00 

20 15.10 2.70 21.20 2.70 -6.10 0.00 

21 6.60 2.40 6.80 2.40 -0.20 0.00 

22 4.10 2.30 4.00 2.30 0.10 0.00 

23 3.10 2.10 3.25 2.10 -0.15 0.00 

24 3.00 1.90 2.85 1.90 0.15 0.00 

25 2.60 1.90 2.52 1.90 0.08 0.00 

26 2.40 1.80 2.28 1.80 0.12 0.00 

27 2.10 1.80 2.03 1.80 0.07 0.00 

28 1.90 1.70 1.77 1.70 0.13 0.00 

29 1.80 1.70 1.62 1.68 0.18 0.02 

30 1.70 1.60 1.58 1.64 0.12 -0.04 

31 1.70 1.60 1.53 1.61 0.17 -0.01 

32 1.60 1.50 1.47 1.57 0.13 -0.07 

33 1.50 1.50 1.42 1.53 0.08 -0.03 

34 1.40 1.50 1.38 1.49 0.02 0.01 

35 1.40 1.40 1.33 1.45 0.07 -0.05 

36 1.30 1.40 1.27 1.42 0.03 -0.02 

37 1.30 1.30 1.22 1.38 0.08 -0.08 

38 1.20 1.30 1.18 1.34 0.02 -0.04 

39 1.20 1.20 1.12 1.30 0.08 -0.10 

40 1.20 1.20 1.08 1.26 0.12 -0.06 

41 1.20 1.10 1.03 1.23 0.17 -0.03 

42 1.20 1.10 0.97 1.19 0.23 0.01 

43 1.20 1.10 0.93 1.15 0.27 0.05 

44 1.20 1.10 0.87 1.11 0.33 0.09 

45 1.10 1.00 0.83 1.07 0.27 0.03 

46 1.10 1.00 0.77 1.04 0.33 0.07 

47 1.10 0.90 0.73 1.00 0.37 0.10 

48 1.10 0.90 0.67 0.96 0.43 0.14 
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Two more plots, Figure 6 and Figure 7, compare the half-hour incremental rainfall distributions from the 
Type I and Type IA SCS rainfall distribution curves with the DistrictΩǎ two curves that best match them. 
From the comparison, it appears that the District Standards Curve was taken directly from the SCS Type 
IA curve. However, the District curve from the FORTRAN code is slightly different from the SCS Type I 
curve; enough so to consider that the SCS curve has either changed since the FORTRAN code was 
originally written, had been incorrectly taken off an old SCS graphic (prior to electronic files), or was not 
intended to match the SCS curves. We do not understand why the District curve in the Standard does 
not match that in the FORTRAN code even though the class notes indicate that is the source, or why the 
FORTRAN code curve does not match the SCS standard. 
 
Lƴ ŀ ǇŀǇŜǊ ŜƴǘƛǘƭŜŘ ά/ƻƴǎŜǊǾŀǘƛǾŜ 5ŜǎƛƎƴ wŀƛƴŦŀƭƭ 5ƛǎǘǊƛōǳǘƛƻƴέ4, James C.Y. Guo, Professor, Civil 
Engineering, U. of Colorado at Denver, demonstrates how the rainfall distribution curve can be derived. 
¢Ƙƛǎ ǇŀǇŜǊ ŎƻƴŎƭǳŘŜǎ ǘƘŀǘ ǘƘŜ ƳƻǊŜ ŎƻƴǎŜǊǾŀǘƛǾŜ ǊŀƛƴŦŀƭƭ ŘƛǎǘǊƛōǳǘƛƻƴ ŎǳǊǾŜ ƛǎ ƻƴŜ ǘƘŀǘ άŎƻƳōƛƴŜ(s) the 
low and high enveloping curves with a sharp rise through the rainfall center.έ This is illustrated in Figure 
8 where the data points represent ǘƘŜ άŜƴǾŜƭƻǇŜέ ŀƴŘ ǘƘŜ ŎǳǊǾŜ ǊŜǇǊŜǎŜƴǘǎ ŀ ŎƘƻǎŜƴ ŎƻƴǎŜǊǾŀǘƛǾŜ 
distribution curve. If we were to choose the conservative approach, would choose the Type I curve 
ōŜŎŀǳǎŜ ƛǘ Ŧƻƭƭƻǿǎ ŀ ǿƛŘŜǊ άŜƴǾŜƭƻǇŜέ ŀƴŘ Ƙŀǎ ŀ ǎƘŀǊǇŜǊ ǊƛǎŜ ǘƘǊƻǳƎƘ ǘƘŜ ǊŀƛƴŦŀƭƭ ŎŜƴǘŜǊΦ 
 
The HYDRO6 FORTRAN code curve is the different from the SCS Curves. However, when comparing 
modeling runs using these 24-hour rainfall distribution curves we see that the Type I curve coincides 
best with the HYDRO6 results. This is illustrated in Figure 9. 

NRCS Standards 
The NRCS publication άUrban Hydrology for Small Watershedsέ όŀΦƪΦŀΦ Technical Release 55 or TR-55) 
contains Appendix B enǘƛǘƭŜŘ άSynthetic Rainfall Distributions and Rainfall Data SourcesέΦ ¢Ƙƛǎ ŀǇǇŜƴŘƛȄ 
contains a plot of the Type I, Type IA, Type II and Type III rainfall distribution curves (See Figure 10) as 
well as a map of the United States indicating where the different types of rainfall distributions should be 
applied. Figure 11 is a copy of that map with a blow up of the Bay Area inset. This figure indicates that 
most of the Bay Area should use the Type I rainfall distribution while the North West portion of the 
county would use the Type IA portion. This is an indicator that they Type I distribution was used as a 
standard. It could also indicate that the distribution curve used in the FORTRAN code was a blending of 
the two curves. 

Conclusion, Recommendation and Implications  for the 24 -hour rainfall curve.  
The draft District standards indicate that the District adopted the SCS curve 24-hour rainfall curve. In 
addition, the SCS Type I 24-hour rainfall distribution curve produces a peak flow that best coincides with 
the HYDRO6 peak flow. It is also more conservative than the Type IA curve. We can only conclude that 
the intent was to adopt the SCS Type I 24-hour rainfall distribution as the District standard. With that, 
we recommend that the SCS Type I 24-hour rainfall distribution curve, as supplied by the NRCS, be 
adopted and used as the District Standard and future modeling of design storms in the District. 
 
The implication of adopting this standard is that the 24-hour design storm will have a higher peak flow 
than HYDRO6 would produce. Facilities originally designed based on the 24-hour storm may be found to 
be under designed. Many of the designs that the District performs regularly use the 3-, 6-, and 12-hour 
storms since they produce higher peak flows. The 24-hour design storm is rarely used by the District. 
  

                                                           
4
 Guo, J, C.Y. and Hargadin, K (2008) ñConservative Design Rainfall Distributionò, submitted to J. of Hydrologic 

Engineering, April (http://carbon.cudenver.edu/~jguo/PaperWeb/RainCurve.pdf)  

http://carbon.cudenver.edu/~jguo/PaperWeb/RainCurve.pdf


 
 
 

 
Page 11 of 31 

 
 

Figure 6 - District FORTRAN Code 24-hour Rainfall 
Distribution Curve and the SCS Type I curve. 

 

 
 

Figure 7 - District Standards 24-hour Rainfall Distribution 
Curve and the SCS Type IA curve. 
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Figure 8 ς Figure 2 from ά/ƻƴǎŜǊǾŀǘƛǾŜ 5ŜǎƛƎƴ wŀƛƴŦŀƭƭ 

5ƛǎǘǊƛōǳǘƛƻƴέ by Guo 
 

 
 

Figure 9 ς HEC-HMS Model Comparison of 24-hour Rainfall 
Distribution Curves 
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Figure 10 ς Figure B-2 from TR-55 with inset blowup of the 

Bay Area 

 
Figure 11 ς Figure B-2 from TR-55 with inset of the Bay Area 






































